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B padote lpoaHalmM3upoBaHo cocTOsAHHe psI0o- 
IIPOMYCKHBIX coopyxeHuM (PIIC) Ha Konctantu- 
HOBCKOM, HukoslaeBcKOM HU KoueTOBCKOM ruy{po- 
y3ax. OTMeyeHa HeOOXOJMMOCTb CTPOHTEJIBCTBA 
HOBOrO PbIOOIpOMyCKHOrO coopyxKeHuA Ha Koue- 
TOBCKOM rvypoy3ie. ABTOpaMu TpeoxKeHa HO- 
Baad KOHCTpyKuMa PIIC B Bue NOTKa, COeMHAIO- 
ero BepXHHH UW HWKHU Obedpi. JloToK ycTaHaB- 
NMBaeTCA B OJMH W3 MpOETOB BOJOCJIMBHOM MJI0- 
THHBI. [IpeycTaBseHbl pe3yIbTaTbI UCCIeOBAaHHA 
BJIMAHHA TIIYOUHEI B Haase JIOTKAa Ip pa3zsIM4HBbIxX 
yKJIOHaX Ha CKOPOCTH HO JmMHe WOTKa. PesyibTa- 
TbI HCCUeOBAaHHM TpeCTaBJIeHbI B BUe 3aBHCH- 
MOCTeH, JICEMOHCTPHPyIOlux MYHKUMOHAIbHOCTB 
IIpeJIOXHKCHHOM KOHCTPyYKIMH WU BO3MO%KHOCTB eé 
MCHOJIb3OBAHHA JIA TpOmycKa pbiObl Yepe3 ru po- 
y3JIbI B WepHoy, Hepecta. 


KunoueBble CJ1I0Ba: THpoy3es, BepxHui Obed, 
HWKHUN Obed, pacxoy WOTOKa, ryOuHa MOTOKA, 
YKJIOH JIHa JIOTKA, JOIYCTHMbIe CKOpOCTH, Murpa- 
IMA pbiO, Hepecr. 

Bpegenne. Kouerospckui ruyapoy3el pacio- 
ox#KeH Ha peke Jlon Ha 123 km HuKe LluMisHCKO- 
ro ruyzpoy3s1a, B 7,5 KM OT ycTba peku CeBepckui 
Jjoney. B cocTaB ruypoy3a BXOAT cyeqyroulMe 
TMApoTexHuyeckKue cCOOpyxKeHHA:  CYOXOJIHbIM 
IWJIKO3, IJIOTHHa C TMOBOPOTHBIMH (bepMaMH, BOJO- 
CHMBHad IWIOTHHa, CTallMOHapHbIM pbIOOMpOrycK- 
How w1o03 (PII). IWno0rmHa c noBopoTHbimu 
(bepMaMH TlepekpbiBaeT pycio peku JloH Ha mMpu- 
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The paper provides the analysis of the state of 
(FPF) on  Konstanti- 
novsky, Nikolaevsky and Kochetovsky water- 


fish-passing facilities 


works facility. The need of construction of a 
new fish-passing facility on Kochetovsky wa- 
terworks facility is especially noted. The authors 
have offered a new design of a fish-passing fa- 
cility in the form of the tray connecting the up- 
stream and the downstream. The tray is estab- 
lished in one of the bays of a weir dam. The re- 
search results on the influence of the depth at 
the beginning of a tray at various gradients at 
speeds on tray length are presented. 

The research results are presented in the form of 
dependences showing functionality of the of- 
fered design and the possibility of its use for the 
pass of fish through waterworks facility during 
spawning period. 

Keywords: waterworks facility, upstream, 
downstream, flow discharge, flow depth, tray 
bottom gradient, admissible speeds, fish migra- 
tion, Spawning. 

Introduction. Kochetovsky waterworks fa- 
cility is located on the river Don 123 km below 
Tsimlyansky waterworks facility, 7.5 km from 
the mouth of the Seversky Donets river. The 
structure of the waterworks facility includes the 
following hydraulic structures: a shipping lock, 
a dam with rotary frames, a weir dam, a station- 
ary fish-passing lock (FPL). Dam with rotary 
frames closes the channel of the Don at a width 


of 129 m and maintains the upstream level (UL) 
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Obede (YBBB) Ha otmetxe 5,2 M. beToHHasd BOJO- 
CIMBHad IWIOTHHA UMeeT TPH posetTa 10 20 MeT- 
poB c OTMeTKON NOpora 0,7 M. OTBepcTua MIOTU- 
HbI II€@pCKPbIBAIOTCA MeTAaJWIMYeECKMMU 3aTBOpPaMH. 

PplOonmponycKHOH INIKO3 WpeycTaBiaeT coooK 
IIPAMOYFOJIBHBIN OeTOHHbIM JIOTOK AWHMHOM 155 
METPOB C TOPH30HTAJIbHbIM JIHOM HM OTHOCHTCA K 
PBIOONpONYycKHbIM COOPyXKeHHAM IMKIIM4HOrO 
evucTBua. CrpoutesbcTBo Kouyerosckoro ruypo- 
y3ula CBA3aHO Cc 3alrlycKOM B 1914 rony CeBepcko- 
JIOHEIKOM UIWJIKO30BaHHOW CHCTeMBbI, MpeqHa3Ha- 
YeCHHOM JJIX BbIBO3Aa KAaMeHHOrO yruia JloHOacca B 
peruoHp1 A30B0-YUepHomopckoro OacceriHa. Ha 
COBPeMeHHOM 9Talle KoueTOBCKHH TUApPOy3esl BXO- 
MT B KacKajl HU3KOHANOpHbIX THApOy3J10B, O0ec- 
TICUMBaFOINHX TIIYOMHbI AA JBYXKeHHA peyYHOrO 
TpaHcnopta m0 peke J[on oT A30BCKOrO MOps JO 
[[uMsiIAHCKOrO rTuzApoy3ua (puc. 1). 
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at around 5.2 m. The concrete spillway dam has 
three bays, 20 meters each; with a threshold 
mark of 0.7 m. Dam openings are covered with 
metal bars. 

Fish-passing lock is a rectangular concrete 
tray with a length of 155 m with a horizontal 
bottom and refers to cycle fish-passing facilities. 
The construction of Kochetovsky waterworks 
facility is connected with the launch in 1914 of 
the North-Donetsk lock system intended for the 
export of Donbass coal to the regions of the 
Azov-Black Sea basin. At the present stage 
Kochetovsky waterworks facility enters the cas- 
cade of low-pressure waterworks facilities, 
providing depth for the river transport move- 
ment on the Don from the Azov Sea to Tsim- 
lyansky waterworks facility (Fig. 1). 


HHKONAEBCKHA 
FHBPOYIEN 


KOYETKOBCKHA oer earn E 
FRAPOYSEN oO 


KOHCTAHTHHOBCKHA 
rMpPoyaen 


Puc. 1. Kapra-cxema JJonckoro Kackayla THApOy3J10B 


Fig. 1. Map of Don cascade of waterworks facilities 
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Pexa JloH saBIIAeTCA KpynNHeHWIMM pbIOoIpo- The Don is the largest fish-producing reser- 


IYKTHBHBIM BOOCMOM PoccHH, BiaqarolquM B voir in Russia, flowing into the Azov Sea. Dur- 
A30BCKoe Mope. B TeyeHve BeCeHHe-OCeHHero ing spring and autumn spawning period, migra- 
HepecToBoro Mepwoya MpoxosHEIe HW MOJTyIpo- a . 
P Pope eee Emme YEP tory and semi-migratory fish species move to the 
XOJJHbIC BUI pbIO JBWKYTCA K HepecTHJIMINaM, 
spawning grounds located near Tsimlyansky wa- 
paciiouox*xeHHbIM OKONO [luMsIAHCKOTO ruyApoy3- 


na. Ha ux yTw K HepecTuIMIaM B peke pacrio- terworks facility. On their way to the spawning 


NOKeHbI MUrpaltvoHHEIe Gappepp1 — Koueros- grounds in the river, there are migration barriers 
ckui, KoncrantuHoscKuii, Huxomaescxui rug- - Kochetovsky, Konstantinovsky, Nikolaevsky 
poy3nb1. Jia mponycka mMurpupyroulux ocober waterworks facilities. Fish channels providing 
Ha HukosaepckomM, KOHCTaHTHHOBCKOM IH JIpoy3- uninterrupted passage of migrants from the 


aX 3alIpOeCKTHpOBaHbl HW TOCTpOeHbI pbIOOXO- downstream to the upstream (Fig. 1) are de- 


Hble KaHalIbl, OOeceuuMBarollMe OeciipepbiBHbIii 
- Pep signed and constructed to let migratory fish pass 

IIpOMyCK MUrpaHTOB W3 HWKHETO Obed*a B Bepx- 

© . at Nikolaevsky and Konstantinovsky water- 

Huu (puc. 1). Pacxoy Bob, Npoxoyamen yepe3 


KaHasIbl, coctaBsiaet 50-70 kyOu4ecKHX MeTPOB B works facilities. The flow of water passing 


CeKYHAy, 4TO OOeCHeuMBaeT TIPOXOA B BepxXHun through the channels is 50-70 cubic meters per 

Obed) BCeX MUTpaHToOR. second, which ensures the passage of all mi- 
Ha KoueToBcKoM rHApoy3syie WIA ImWpomycKka grants upstream. 

pblO, TBWOKYIIMXCA Ha HepecT, 3ampoeKTUpoOBaH Kochetovsky waterworks facility for the pas- 


BIOOXOTHBIN WWIO3 IMKIMYHOrO JIeHCTBHA C ro- 
P A - A sage of fish moving to spawning ground has the 
PH30HTaIbHOM KamMeponw. MuHorounciieHHbie HCc- _— ; ; ; 

designed cyclic fish-passing lock with horizontal 
CieOBaHHA, BbITOJIHCHHbIC pa3JIM4HbIMU pbIOO- 


. : camera. Numerous studies performed in differ- 
XO3AHCTBCHHBIMU OpraHH3allwAMu, a TakKxKe yu4eé- 


HbIMU Hopouyepkaccxoro WHDKeHepHo- ent fishing organizations and scientists of Novo- 
MeJIMOpaTHBHOrO MHCTHTyTa, WOKa3asId HM3KYO cherkassk Reclamation Engineering Institute, 
3addextTuBHoctb padots PIIMI B nepuox Hepe- showed low efficiency of FPL in the spawning 
CTOBOrO xogja pbI0. Takum oOpa3om, eclIM pac- period. Thus, if we consider the cascade of wa- 


a ce a a terworks from the point of view of fish passing, 


PeOOTBOUY CEG, 20: ROdeTOuC Kit TuApOy ech Ae Kochetovsky waterworks facility 1s an ineffi- 
aeTCA HeIPMeCKTHBHbIM 3JICMCHTOM, TOPMO3S- aie 

cient element that inhibits and delays the pas- 
IMM MW 3aJepxKUBAIOIWIUM IIpoOsBMKeHve pBIO Ha 


Hepect. ABTOpsI IpelararoT MOBBICUTS 2bdbex- sage of fish to spawning grounds. The authors 


THBHOCTb IIpOmycka IlyTéM CTPOHTeJIbCTBa HOBO- propose to improve the passage efficiency by the 
TO pblOoMpolmycKHoro coopy2xKeHHs. OTMeTuM, construction of a new fish-passing facility. It 
4TO CYIICCTBYFOMMe PbIOOIpPOMyCKHble KaHasIbl, should be noted that the existing fish channels, 
MOCTpoeHHbIe B 70-e TOAbI MpOWWIOTO Beka, Hy%K- built in the 70s of the last century, need major 


JJarOTCA B KalUTaJIbHOM PeMOHTe HU TpeOyrOT pe- repairs and require reconstruction. 


KOHCT Wu. 
Py" The design process of the fish channel on 

IIpoektupoBaHve pbi0OoxoyHOoro KaHasla Ha oo, 

Kochetovsky waterworks facility is hampered by 

KoueToBcKOM ruypoy3sle 3aTpyAHeHO OTCYTCTBH- 


eM TeppuTOpuM JIA pacromoxKeHUA 6-7 KHIIO- the lack of territory for the location of 6-7 kilo- 


MeTpoB KaHala ruyOuHol 1,5-2,0 merpa. Ipu meters of the channel with a depth of 1.5—2.0 
CpeaqHei WiMpuHe KaHasa 20-30 MeTpoB HeoO0xo- meters. With an average channel width of 20-30 
WuMad TOWatb cocraBuT 18—20 ra NecHBIxX yro- meters, the required area will be 18-20 hectares 
mun. of forestland. 
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B HacToalee BPeMA CYIICCTBYIOT pa3pa0oTKH, 
BOIJIOM[CHHbIC HA MHOIMX peKkax Esponsi u A3nu. 
OTH KOHCTpyKUMH OObeTMHeEHBI B  OOJIbIITYEO 
KacCHUKalMOHHY!O Tpyliily PbIOOMpOMyCKHBIXx 
COOpyxKeHHH, KOTOPblIe HMUTHPyFOT eCTeCTBeH- 
Hble peyHble yCcOBUA. K 9THM COOPyxKeCHHAM OT- 
HOCATCA JOHHbIe CKaTbI, OOXOJHbIe KaHalIbl, PbIO- 
Hble CKatTbl (puc. 2) [1]. 


Currently, there are developments embodied 
in many rivers of Europe and Asia. These struc- 
tures are included into a large classification 
group of fish-passing facilities that simulate nat- 
ural river conditions. These structures include 


bottom slopes, bypass channels, fish slopes (Fig. 
2) [1]. 





a) b) 


c) 





Puc. 2. PhiOomponycKHble CoopyxKeHHA, HMUTHPYFOllINe CCTECTBCHHbIe PeCuHbIe YCIOBUA: 


a) MOHHbIM cKaT, D) OOXOAHOU KaHall, C) pbIOHbI CKaT 


Fig. 2. Fish-passing facilities that simulate natural river conditions: 
(a) bottom slope, (b) bypass channel, (c) fish slope 


PpiOHBIe CKaTbI — 39TO PbIOOMPOYyCKHbIe co- 
opyKeHna (PIIC), Omu3kve K NIpHpOHbIM KOHCTpyK- 
IMAM MW XapakTepv3yFOUIMecA CIIe{yFOUWMMU OcobeH- 
HOCTAMH: 

® yNOOCTBO JIA MUIpaliuu pbIObI B BepxXHHM u 
HWKHUM Obed), BO3MOXKHOCTh TWpoxosla JWI MeuIKOM 
PbIObI, MaJIBKOB, JIOHHbIX TO3BOHOUHBIX; 

® eCTeCTBCHHbIM, BH3yaJIbHO MpHBsIeKaTesIbHbIM 
BH; 

@ He 3ACOPAKOTCA MYCOPOM I1aBOJIKOB, He BIMAFOT 
Ha 3((eKTHBHOCTS padorTs! COOPyKeHHA B I[CJIOM. 

@ pacrOJsIOXKeHbI HeEMOCpeJICTBEHHO B THpPOy3ve, 
He W3MCHAFOT ero (YHKIMOHAIBHBIX BO3MO2%KHOCTeH 
(2). 

Ucnonp3ya wyero pacnosoxenua PIIC B coctaBe 
THApoy3s1a, ABTOPaMH Oba MpesANpHHATA MOMbITKAa 
paccuuTaTb JIOTOK TPAMOYrOJIbHOrO CeYeHHA, BIM- 
CaHHbIM B OJMH W3 MpoueTOB BOJOCIMBHOM TJI0- 
THHBI (puc. 3). 
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Fish slope is a fish-passing facility (FPF), 
similar to the natural structures and characterized 
by the following features: 

e convenience for fish migration upstream 
and downstream, the possibility of passage for 
small fish, fry, bottom vertebrates; 

e natural, visually appealing look; 

e not clogged with floods debris, does not 
affect the efficiency of the facility as a whole. 

e located directly in waterworks facility, 
does not change its functionality [2]. 

Using the idea of the location of FPF in the 
waterways facility, the authors have attempted to 
calculate the tray of rectangular cross section, 
inscribed in one of the bays of a spillway dam 
(Fig. 3). 


M 1:1000 


p.floxn , : 
fee 
240,0 + 250,0 
i “ 





" 


O65 w/e O-380,0 w/c 


Ler 


200 ./ *, 


— 


Bee te p. don , i 


O=50,0 w/e 
sil 


PY aA 
RIKI 
| 
4 
b 
i 

\ 


i el 


Puce. 3. [Inman rugpoy3ia: 1 — nnoTuna; 2 — pbiOonporycKHOH IIrO3; 3 — BOJOCIIMBHad IWIOTHHA; 
4 — jIoTOK pblOHOro cKaTa; 5 — dITFOpbl CKOpocTeii; 6 — TpaccbI JBMKeHHA pbIO; 7 — BapHaHT KOHI[eBOH 4acTH JIOTKa 


Fig. 3. Waterworks facility plan: 1 — dam; 2 — fish —-passing lock; 3 — weir dam; 4 — fish slope tray; 
5 — velocity profile curves; 6 — route of fish movement; 7 — a design of the end portion of the tray 
PpiOonmponycKHoe CoopyxeHHe IIpesCTaBsAeT The fish-passing facility is a tray established 
coOoH JIOTOK, yCTaHOBJICHHBIM B OHH M3 Mposé- in one of the bays of a weir dam with a down- 
TOB BOHOCIMBHOM IVIOTHHBI C YKIOHOM B CTOpO- stream slope. The tray has a rectangular cross- 


ey HENS: Chee ee ee eee section of width b, the bottom of the tray is bur- 
Hoe ceyeHue WMpuHON b, WHO JIOTKAa 3arstyONeHO 


110], ypoBeHb BepxHero Gbeda (YBB) na ryOuny ied to the upstream level (UL) to a depth AH (Fig. 
H (puc. 4) [3-5]. 4) [3-5]. 
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Puc. 4. I[poqombupi mpoduib JOTKa 
Fig. 4. Longitudinal profile of the tray 
Iupuua notka b u riyOuna 3arsyOseHua Ha The width of the tray b and the depth of the 
H OyayT onmpeyenaTb pacxoy, BOI, IpoTeKato- bottom AH will determine the flow of water flow- 
IeH Yepe3 JIOTOK: ing through the tray: 


3 
Q=e:m-:b-./2g - Hz. 
Pacxoy, JOTKa HM ero YKIIOH OyAYyT OpeyesATb 
CKOPOCTH B JIOTKe, BIMAOMIMe Ha IposwBMKeHHe 


3 
Q=e-m:b-./2g -H2. 
The flow rate of the tray and its slope will de- 


-—_.. - —_____ 









a aD 


p10 m0 coopyxeHuto [6]. IIpeoqomumpie cKopo- 
CTH B JIOTK€ 3€BHCAT OT BUJOBOTO COCTaBa IIpo- 
ITyCKaeMBIX pbIO, UX pa3sMepa HW TeMIepaTypbI BO- 
bl. B NOTKe WOJDKHbI OLITb CO3TaHbI TaKHe CKO- 
POCTHbIe YCOBHA, YTOOKI Pa3sIM4Hble BUI PIO 
IpeowoueBasw coopyxXeHuve WM WOcTuraM Bepx- 
Hero Obedpa. 

TakuM oOpa30M, MocTaByIeHa MHOorodakTop- 
Had 3aylada C BbIXOAHOM PyHKUMeH, Orpanu4eH- 
HOH J{Mala30HOM CKOPOCTeH, MIPWeMJIeEMBIX JIA 
ppr0, uaqyuMx Ha HepectT [7, 8]. Ha nepBonayas5- 
HOM 9Talle HCCJICOBaHHH OBIT MpoOBeyEH aHasIn3 
BJIMAHUA TIYOMUHbI B Havase JIOTKa pH pa3IM4- 
HBIX YKJIOHAX Ha CKOPOCTH 110 JIMHe JoTKa. IIpu 
Pa3IH4HbIX 3HAYCHHAX WIMPHHBI JIOTKa b wu Iity- 
OuHbI H B BepxHeM Obedde C NOMOLIbIO ypaBHe- 
HUA HepaBHOMepHoro TBYKeHHA 
B. A. baxMetTbesa onpeyesIaJIMCb PIyYOUHBI B JIOT- 
Ke HM CTPOWIIMCh KpHBbIe CBOOOJHOM MOBepXxHo- 
CTH: 

il 
ho = Na (1 7 Yep) (On. 7 On, )I, 

rye ~ — YKJIOH JIOTKa ObictpotoKa; hh — 
HOpMasibHad TyOuHa B JIOTKe ObICTpOTOKAa; 
Ni, N2 — OTHOCHTeIbHbIC PIYOMHbI B COOTBET- 


CTBYFOUINX CTBOpax. 
ml hy 
Nha _ ho ) N2 _ ho ) 


| — paccTOAHHe MexKy CTBOpaMH; Py, — 


(DYHKIIMH, OMpeyeMeMble B 3ABHCMMOCTH OT rHd- 
paBJIM4eCKOrO NoKa3zaTesA pycia. 
JjaHHble pacuéTOB TpeCTaBJIeHbI B BUTE 


dyHKuHi ho /b = f (i) (puc. 5). 


termine the speed in the tray, affecting fish pas- 


sage through the facility [6]. Passable speeds in 
the tray depend on the fish species composition, 
their size and water temperature. The tray needs 
to create such speed conditions, so that various 
fish species pass through the facility and reach 
the upper pool. 

Thus, a multi-factor problem with an output 
function limited by the range of speeds accepta- 
ble for fish going to spawning ground is set [7, 
8]. At the initial stage of research, the effect of 
depth at the beginning of the tray at different 
slopes on the speed along the length of the tray 
was analyzed. At different values of the tray 
width b and the upper depth H, the depth of the 
tray and the free surface curves were determined 
using the B.A. Bakhmetev equation of non- 
uniform motion (b): 

= t= = (1- Yep): [Ons Pah 

where t — slope of high-velocity flow tray; 
hy — normal depth in high-velocity flow tray; 


N1> Nz — relative depths in the relevant sec- 


tions: 
hy hy 
N= ho’ ip = Ay ; 
1 — distance between the sections; @, — 


functions, determined depending on hydraulic 
channel indicator. 


These calculations are presented as functions 
ho/b = f (i) Fig. 5). 








s g to 


Puc. 5. DyHkuua 3aBucuMocTH h/b = f (1) 
Fig. 5. Function of dependence h/b = f (i) 
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IlomyyeHHble aHHble Id KOppeKTHPOBKU 
CKOpOCTeH MO3BOJIMJIM CewaTb BLIBO, O TOM, 4TO 
ceueHHe JIOTKa JOJDKHO pacilIMpaATbCaA B CTOPOHy 
HWKHEerO Obeda, YTO MO3BOJIMT YMCHbIMMTb Fly- 


OMHY B JIOTKe HW CKOPOCTb HOTOKA. 
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The data obtained to adjust the speeds al- 
lowed us to conclude that the cross section of the 
tray should expand towards the bottom, which 
will reduce the depth in the tray and the flow 
rate. 

Conclusions: 


1. The new design of the fish-passing facility 
in the form of a tray that fits into the weir dam of 
the waterworks facility will allow the passage of 
fish moving along the river during the entire 
spawning period. 

2. Hydraulic conditions in the FPF tray can 
be adjusted depending on the species of fish 
passed by means of artificial roughness. 

3. The presented design of the FPF signifi- 
cantly reduces the area used near the waterworks 
facility. Fish-passing channel has the advantage 
of smooth operation compared to the fish-passing 
lock, and cost least in comparison with both 
Structures. 


References 

1. Anokhin, A.M., Kalashnikov, A.M., Lukya- 
nenko, M.V. Kriterit otsenki rybopropusknykh 
sooruzheniy. [Assessment criteria of fish-passing 
facilities.| Innovatsionnye protsessy v nauchnoy 
srede: sb.st. mezhdunar. nauch.-prakt. konf. [Inno- 
vative processes in the scientific environment: 
proc. of international sci.-pract. conference.] Perm, 
2017, part 3, pp. 63-67 (in Russian). 

2. Fish passes — Design, dimensions and moni- 
toring/DVWK/Rome: FAJ, 2012. 

3. Gidrotekhnicheskie sooruzheniya. Osnovnye 
polozheniya: SP  58.13330.2012. Aktualiziro- 
vannaya redaktsiya SNiP 33-01-2003. [Hydraulic 
Structures. Main provisions: SP 58.13330.2012. 
Updated version of SNiP 33-01-2003.] Elektron. 
fond pravovoy 1 normative.-tekhn. Dokumentatsu. 
Konsotsium "Kodeks". [Electron. fund of legal, 
regulatory, and technical documentation. Consorti- 

um "Codex". | Available at: 
http://docs.cntd.ru/document/1200094156 Gn Rus- 
sian). 

4. Podpornye steny, sudokhodnye shluzy, ry- 
bopropusknye 1 rybozashitnye sooruzheniya: SP 
101.13330.2012. Aktualizirovannaya  redaktsiya 
SNiP 2.06.07-87. [Back walls, shipping locks, fish 
pass and fish protection facilities: SP 


http://bps-journal.ru/ 85 





— PexuM JJOCTy!1a 
http://docs.cntd.ru/document/1200095534 (nara 
oOpamenua 07.07.18). 

5. Kanammukos, A. M. OO30p pbiOoxoHbIx 
COOpy2*KeHHH, 


MMUTHpPyrouwnx CCTCCTBCHHBIC 


peyHprie ycuoBpua / A.M. Kanatrmukop, 
T. B. Kamdopuna, M. B. JlykpanenKo // VWHHo- 
Bal[MOHHO-TeEXHOJIOIMYeCKOe pasBUTHe HayKU: CO. 
CT. MexKyHap. Hay4.-mpakT. KOoHd. — Bonsiro- 
rpag, 2017. — C. 64-68. 

6. CipaBoyHHK TO THApaBsIM4eCKHUM pac4é- 
Tam / II. Il’. Kucenes [uw gp.]. — Mocksa : 9xo- 
mat, 2011. — 312 ¢. 

7. Dette, H.H., Raudkivi, A.J., and Oumeraci, 
H. Permeable pile groin fields // Journal of 
Coastal Research. — 2004. — SI. 33. - p. 145-159. 

8. Fleming, C.A. Guides on the uses of 
groynes in coastal engineering. - London 


CIRIA, 1990. — 116 p. 


Ilocrynuua B pexaxiuto 16.03.2018 
CyaHa B pexakiuto 17.03.2018 
SaranupoBana B HOMep 24.06.2018 


Anoxun Anekcanop Muxausoeuys, 

npoqeccop Kaqdeopoi «I udpomexHuyecKoe 
cmpoumebcmeo» HoeouepKaccKozo 
UHICEHEPHO-MeUOPAMUBHOZO UHCMUmMyma, 
qcbunuana JloucKkoeo ‘AY (P®, 2. HoeouepKacck, 
ya. ITymxunckaa, 111), KanOuodam mexnuueckux 
HaYK, 

anocxin2014@ yandex.ru 


Konaos3e Hiiva Suz06uy, 

Maeucmp HoeouepKaccKo2zo UHIHCEHEPHO- 
Meluopamué6Hozeo uxAcmumyma, qusauan J[oucKo- 
20 TAY (P®, 2. HoeouepxKacck, yi. [ywrKun- 
cKkaa, 111) 


Alonuoe Anekcanop AseKcanopoeuy, 

Maeucmp Hoé6ovepKaccKO20O UHItCeHEPHO- 
Menuopamuenozo uxcmumyma, quauan JloucKko- 
20 T'AY (PQ, 2. Hoeouepxacck, ya. [lywkun- 
cxaa, 1 11) 


S-jJournal.ru 


of Technogenic and Natural Systems 


ar 


DIA F PMIPO? D 


— r Inne 


101.13330.2012. Updated version of SNiP 2.06.07- 
87.] Elektron. fond pravovoy i normative.-tekhn. 
Dokumentatsii. Konsotsium "Kodeks". [Electron. 
fund of legal, regulatory, and technical documenta- 
tion. Consortium "Codex".] Available at: 
http://docs.cntd.ru/document/1200095534 (in Rus- 
sian). 

5. Kalashnikov, A.M., Kamforina, T.V., Lukya- 
nenko, M.V. Obzor rybokhodnykh sooruzhenty, 
imitiruyushchikh estestvennye rechnye usloviya. 
[Review of fish passing facilities that copy natural 
river conditions. | Innovatsionno- 
tekhnologicheskoe razvitie nauki: sb. st. mezhdu- 
nar. nauch.-prakt. konf. [Innovative-technological 
development of science: proc. of sci.-pract. conf. ] 
Volgograd, 2017, pp. 64-68 (in Russian). 

6. Kiselev, P.G. et al. Spravochnik po 
gidravlicheskim raschetam. [Handbook of hydrau- 
lic calculations.] Moscow, Ekolit, 2011, 312 p. (in 
Russian). 

7. Dette, H.H., Raudkivi, A.J., Oumeraci, H. 
Permeable pile groin fields. Journal of Coastal Re- 
search, 2004, SI. 33, p. 145-159. 

8. Fleming, C.A. Guides on the uses of groynes 
in coastal engineering. London, CIRIA, 1990, 116 


p. 


Received 16.03.2018 
Submitted 17.03.2018 
Scheduled in the issue 24.06.2018 


Anokhin Aleksandr Mikhaylovich, 
professor of the Department "Hydrotechnical 
construction» (Russian Federation, 
Novocherkassk, Pushkinskaya steet, 111), 


doctor of sciences, 


anocxin2014@ yandex.ru 


Kopadze Ilya Zizovich, 

graduate student of the Department "Hydrotech- 
nical construction» (Russian Federation, 
Novocherkassk, Pushkinskaya steet, 111) 


Dontsov Aleksandr Aleksandrovich, 

graduate student of the Department "Hydrotech- 
nical construction» (Russian Federation, 
Novocherkassk, Pushkinskaya steet, 111) 


